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(57)Abstxact: 

PROBLEM TO BE SOLVED: To provide a 
compensator which compensates polarization 
mode dispersion, 

SOLUTION: A receiver compensates the 
influence of the polarization dispersion on an 
optical signal during propagation in an optical 

^fiber by using; a birefringence compensator. A 
distortion analyzer inspects the signal 

i- outputted from the compensator, which operates 
based on the inspection result to reduce the 
influence of polarisation compensation 
dispersion- 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2, **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
CLAIMS 



fClaim(s)] 

[Claim U In the compensator (426) with which the effect of the polarization mode 
dispersion generated within the optical fiber (420) which has the main polarization 
condition is compensated (A) The polarization converter which orients again 
polarization of the specific component of an optical signal received through an optical 
fiber (420) (430) f (B) Equipment to which it divides into two or more signals which have 
a polarization condition in the direction which intersects perpendicularly the output 
signal of said polarization converter with each condition of the two main polarization 
conditions, and adjustable carries out tune delay of this divided signal (440/485, 487), 
(C) The optical converter which changes into an electrical signal a part of signal 
outputted by the aforementioned (B) equipment (455), The distortion analyzer which 
has equipment which divides this changed signal into two or more signals (810), and 
gives this separated signal to the 1st, 2nd, and 3rd analyzer part (820, 825, 840), 
respectively, It Said 1st analyzer part (820) The whole spectrum of an output 

signal is passed. Said 2nd analyzer part (825) Apart of spectrum below a predetermined 
frequency is passed- Said 3rd analyzer part (840) Only the predetermined range of the 
whole spectrum is passed. The distortion analyzer (aforementioned [ C ]) Add the output 
of said 1st and 2nd analyzer part (851.852), and the output of the 3rd analyzer part is 
subtracted from said added value (853). A distortion indicator is generated and this 
distortion indicator (471) is given to said polarization converter (430) and division 
equipment (440) (aforementioned [ B ]). Said polarization converter and the 
aforementioned CB) equipment The compensator with which the polarization mode 
dispersion of the optical fiber characterized by changing the direction and said variable 
time of said polarization condition, respectively until the level of said distortion 
indicator reaches predetermined level according to change of the level of a distortion 
indicator is compensated. 

[Claim 2] It is the compensator according to claim 1 which said 1st analyzer part has a 
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broadband power detector, and said 2nd analyzer part has the low pass filter connected 
to the broadband power detector at the serial, and is characterized by eaid 3rd analyzer 
part having the band pass filter connected to the broadband power detector at the serial. 
[Claim 3] (Dl) In order to generate a RF (AC) component and a low frequency (DC) 
component A means to process said part of the outputted signal, and in order to 
generate two or more CD2) signals A means to give said AC component to a splitter, and 
a means to supply DC component to a signal square means to square the value of DC 
(D3) component, (D4) The compensator according to claim 1 characterized by having 
further the receiver which has the means which carries out division of said subtracted 
value to it being also at the value of the signal by which the mean square was carried 
out, and a means to output the quotient of this CD5) division as a distortion indicator. 
[Claim 4] In the compensator with which the effect of the polarization mode dispersion 
generated within the optical fiber which has the main polarization condition is 
compensated (A) The polarization converter which orients again polarization of the 
specific component of an optical signal received through an optical fiber, CB) Equipment 
in which divides into two or more signals which have a polarization condition in the 
direction which intersects perpendicularly with each condition of the two main 
polarization conditions the signal given to the output of said polarization converter, and 
adjustable carries out time delay to this divided signal, (C) The receiver which has the 
optical converter which changes into a predetermined signal a part of signal outputted 
by the equipment of the above (B), and generates AC component signal and DC 
component signal from this changed signal, Said receiver gives AC component signal to 
a distortion analyzer, and measures the level of first [ at least ] PMD distortion this 
distortion analyzer of whose is in AC component. Output the signal showing the level of 
t his distortion and DC component is given to a signal square circuit. (D) A division 
means to give the signal of the quotient which carried out division and was obtained as 
a result on the level of the signal which squared the level of the signal showing said 
distortion to a polarisation converter and the aforementioned (B) equipment as a 
distortion indicator, since -- said polarization converter and the aforementioned (B) 
equipment The compensator with which the polarization mode dispersion of the optical 
fiber characterized by changing the direction of said polarization condition and said 
variable time, respectively until the level of said distortion indicator reaches 
predetermined level according to change of the level of a distortion indicator is 
compensated. 

[Claim 5] The distortion analyzer (aforementioned [ C ]) divides AC component ****** 
into two or more signals (810). This separated signal is given to the 1st, 2nd, and 3rd 
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analyzer part (820, 825, 840), respectively. Said 1st analyzer part (820) The whole 
spectrum of an output signal is passed. Said 2nd analyzer part (825) A part of spectrum 
below a predetermined frequency is passed. Said 3rd analyzer part (840) Only the 
predetermined range of the whole spectrum is passed. The distortion analyzer 
(aforementioned [ C ]) The compensator according to claim 4 characterized by adding 
the output of said 1st and 2nd analyzer part (851,852), subtracting the output of the 3rd 
analyzer part from said added value (853), and giving this subtraction result as a 
molecule of the division means (aforementioned [ D J). 

[Claim 6] It is the compensator according to claim 4 which said 1st analyzer part has a 
broadband power detector, and said 2nd analyzer part has the low pass filter connected 
to the broadband power detector at the serial, and is characterized by said 3rd analyzer 
part having the band paBs filter connected to the broadband power detector at the aerial. 
[Claim 71 Said distortion analyzer divides AC component into two or more signals, and 
it has equipment which gives this divided signal to a part for a part for part I, and part 
H. The amount of said part I It has a blow band power detector. The amount of said part 
n It is the compensator according to claim 4 characterized by having the adder circuit 
which it has the low pass filter connected to the broadband power detector at the aerial, 
and said distortion analyzer combines the output for a part for said part I, and part II 
further, and gives this combined signal to a division means. 

[Claim 8] Said distortion indicator is a compensator according to claim 4 characterized 
by being feedback voltage. 

[Claim 9] (A) The converting means which changes into an electrical signal the signal 
outputted by optical equipment, and divides this changed electrical signal into two or 
more signals, (B) the 1st, the 2nd and the 3rd partial, analyzer which receive each one of 
said two or more signals, and said part I part analyzer The whole spectrum of the 
outputted signal is passed. Said part II part analyzer A part of spectrum below a 
predetermined frequency is passed. Said part m part analyzer Pass the predetermined 
range of the whole spectrum, add the output of the (C) above 1st and the 2nd partial 
analyzer, and the output of the part ED part analyzer is subtracted from this added 
result, a means to generate a distortion indicator and to give this distortion indicator to 
optical equipment - since " the distortion analyzer characterized by becoming. 
[Claim 10] (A) A conversion means to change into an electrical signal the signal 
outputted by optical equipment (455), <B) Change said electrical signal into AC 
component signal and DC component signal, and this AC component signal is divided 
into two or more signals. The receiver which divides this AC component signal into two 
or more signals, and gives this AC component signal to the part (1010) of each distortion 
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analyzer (1005), (C) Division is carried out to a square means (1020) to square the value 
of said DC component signal, by the signal wliich squared the signal outputted from the 
CD) aforementioned distortion analyzer, a division means (1030) to give the signal of the 
quotient obtained as a result to optical equipment as a distortion indicator - since - the 
optical equipment characterized by changing the level of the signal outputted until the 
distortion indicator reached the predetermined condition according to receipt of this 
distortion indicator. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the so-called processing of the 
polarization mode dispersion in such a system especially about optical communication 
system. 
[0002] 

[Description of the Prior Art] Polarization mode dispersion (Polarization Mode 
DispereionTMD) breaks out within an optical fiber owing to a small residual 
birefringence. This residual birefringence is introduced into incore [ of a fiber ] by 
random polarization association resulting from the external force concerning 
unsymmetrical internal stress and an unsymmetrical optical fiber. PMD has a bad 
influence on transmission of the signal in an optical fiber network. This is being able to 
say especially about the digital lightwave system of the present age wliich operates with 
the bit rate more than lOGb/a second in the wavelength channel transmitted. 
[0003] U.S. Pat. No. 6930414 (date of issue: 1999.7.27 and artificer :D.A.Fishman etal) is 
indicating the equipment which makes damage on the signal resulting from PMD ease, 
between the polarization conditions (namely, the main polarization condition, Principal 
States of Polarization^PSP) which this equipment has an adjustable optical 
birefringence element, and intersect perpendicularly with mutual [ in a transmission 
fiber / at least two / selectable ] by this - difference - optical time delay is introduced. 
The optical-strain analyzer connected to the output of an adjustable birefringence 
element is generating the control signal to this element. , 
[0004] difference continuously adjustable to between the two main polarization 
conditions in order that the compensator shown in drawing of a patent shown above 
may compensate primary [ in the fiber for transmission / PMD ] " group delay 
(Differential Group Delay -DGD) is generated. PSP of the adjustable birefringence 
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component with which one different point between the delay lines shown in drawjn&A of 
a patent of this equipment and the above-shown was shown in drawing^ is a point with 
frequency dependent. Such frequency dependent (this is an important side face to the 
effect of secondary [ so-called / PMD ]) will introduce a superfluous distortion into an 
optical signal. The reason is that primary [ in a fiber / PMD ] is compensated only to a 
certain optical bandwidth, and PMD is because it still increases in a part with optical 
spectrum further again. 

[0005] The signal distortion resulting from the effect of secondary [ PMD ] in the digital 
optical signal of the conventional non return two zero (non-return-to^ero^NltZ) and 
return two zero (returntozeroOfcZ) is observed as a "tone" of the narrowband of 
spectrum energy in the electric spectrum of a receiving optical signal in a certain 
frequency to a signal bit rate like 20GHz to 10GHz and RZ signal to an NRZ signal. 
[0006] 

CProblemCs) to be Solved by the Invention] Therefore, the purpose of this invention is 
offering the approach of canceling the signal distortion by PMD, and equipment. 
[0007] 

[Means for Solving the Problem] In order to decrease distortion caused by the effect of 
secondary [ in the adjustable birefringence component of a PMD compensator / PMD ] 
according to this invention, it is carried out by polarizing the control signal added to an 
adjustable birefringence component so that an optical signal may be influenced the 
fewest of secondary [ PMD J. Especially the control signal generated by drawing 3 of a 
patent shown above or the distortion analyzer of 8 polarizes by removing the output 
signal of the band pass filter set by the tone of the narrowband outputted by the 
distortion analyzer by the approach of weighting from the control signal. The signal Vf 
which was acquired as a result and which polarized is added to the polarization 
controller in an adjustable birefringence component, and reduces the level of distortion 
which happens as a result of the effect of secondary PMD. It will operate by this Vf of ** 
that polarized in that the whole distortion of secondary [ of both the fiber for 
transmission and a PMD compensator ] serves as min, as for the compensator of PMD. 
Especially PSP of a compensator makes a secondary PMD distortion generated with the 
fiber for transmission oflfeet according to the description of this invention. That is, the 
effect of secondary is removed rather than is added to distortion generated with the 
fiber for transmission. 
[0008] 

[Embodiment of the Invention] In this specification, the compensatory system indicated 
by U.S. Pat. No. 5930414 is mentioned as an example, and is explained. 
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[0009] Polarization mode dispersion (FMD) is generated in a single mode fiber as a 
result of association of the random polarization in various locations which met the 
residual birefringence and optical fiber of an optical fiber incore. 
[0010] Tb optical frequency omega=omega 0, two polarization rectangular cross 
conditions called the main polarization condition CPSP) exist. The optical signal which 
spreads an optical fiber does not receive the big difference delay between difference 
minutes, when it is polarizing in the state of one side of the two PSPs. 
[0011] difference group delay tauf occurs between two PSPs of a fiber, the difference 
which it wears as a result to which an optical signal spreads the inside of an optical 
fiber - an amount with group delay (differential group delayDGD) equal at the 
outputting point of an optical fiber - and difference with an opposite sign " it can 
compensate by introducing time delay tauc=-tauf. This can be easily performed by using 
the optical element which has the polarization property indicated by the patent shown 
above. 

[00121 PMD in a fiber " the passage of time " or if an optical frequency changes, it will 
change. Including change of PSP and change tauf of DGD to which the change in PMD 
corresponds, this can be compensated by changing the amount and direction of a 
birefringence of [ in a compensator ], and, as a result, compensates DGD in a fiber 
automatically An automatic adjustable birefringence compensator is realizable by 
arranging at a serial the polarization converter indicated by U.S. Pat. No; 5212743 (date 
of issue: 1993.5.18 and artificer :F.L.Heismann) for the component which generates 
adjustable linear birefringence. Such an adjustable birefringence divides the signal of 
the outputting point of a polarization transducer into two orthotomic form polarization 
conditions corresponding to two PSPs of an optical fiber, and when only variable time 
tauc delays one side of them using the delay line 50 (for example, JDS Pitel Inc 
polarization mode dispersion EMIRETA, Model PE 3 which are marketed from the 
shrine) of drawing 1 of a patent shown above, it can attain it. 

[0013] The option which makes such a birefringence generate is shown in drawing I . 
This example generates the fixed delay taul and tau2 between difference minutes 
including the almost same 1st light birefringence fiber 435 and the 2nd light 
birefringence fiber 445 between the optical signals with which these intersected 
perpendicularly in accordance with the low-speed optical axis and the high-speed 
optical axis of two fibers, the 1st light birefringence fiber 435 and the 2nd light 
birefringence fiber 445 - Fujikura Co., from " it is SM15-P-8/125 marketed, and has the 
time delay of 1.4 ps/m. Therefore, the 2nd automatic polarization transducer 440 
inserted between the let light birefringence fiber 435 and the 2nd light birefringence 
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fiber 445 controls includeangle thetac between the high-speed shafts of the let light 
birefringence fiber 435 and the 2nd light birefringence fiber 445. Difference minute 
delay tauc generated with the 1st light birefringence fiber 435 and the 2nd light 
birefringence fiber 445 is expressed with a degree type. 
[Equation l] 

To = yjTl + T\ ♦ 22-^008(2^) 

This changes continuously between the minimum value of I taul'tau2 | , and the 
maximum of (taul+tau2). 

[0014] the difference generated with the polarization conversion performed within the 
1st automatic polarization transducer 430, and the 1st light birefringence fiber 435 and 
the 2nd light birefringence fiber 445 - the diiBference which will generate within the 
optical fiber 420 for transmission to the signal outputted by the compensator 425 if the 
1st automatic polarization transducer 430 is suitably adjusted by the approach 
indicated by the patent shown above with time delay - distortion caused by group delay 
is lost. 

[0015] the adjustable difference generated using a feedback signal with the polarization 
conversion in the 1st automatic polarization transducer 430 (namely, the direction of an 
adjustable birefringence), and the 1st light birefringence fiber 436 and the 2nd light 
birefringence fiber 445 the 2nd automatic polarization transducer 440 is controlled 
with time delay, A desired feedback signal is generated at the outputting point of a 
compensator 425 by supervising the amount of PASURU distortion. After this pulse 
distortion spreads the inside of a compensator 425, it is caused by the delay between 
difference minutes which exists in an optical signaL 

[0016] in order that only one feedback signal 471 may attain the minimum distortion in 
the signal which a compensator 425 outputs to the optical receiver 490 through the 
conventional optical tap 485 - polarization conversion and difference " it is required to 
adjust delay tauc to coincidence* 

[0017] If it explains concretely, a part of signal which a compensator 425 outputs will be 
given to pass 487 through the optical tap 485. This pass 487 is extended to the 
high-speed photodetector 456. This high-speed photodetector 455 is Hewlett Packard 
Co,, model 11982 Wideband Lightwave Converter of a shrine It has an electric 
bandwidth equal to the information bandwidth of the modulation optical signal 
transmitted by the optical transmitter 410 at least. The remaining signal is given to the 
pass 486 extended to the optical receiver 490. The high-speed photodetector 455 
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changes into an electrical signal the high-speed digital information signal modulated on 
the optical carrier signal. This electrical signal ie amplified by amplifier 460, measures 
the distortion within the photocurrent by which it was combined with the 
electrostriction analyzer 470 and this electrostriction analyzer 470 was amplified, and 
changes it into the electrical potential difference Vf to which this amplified result is 
given to the electrostriction analyzer 470. And this is proportional to distortion, for 
example, an electrical potential difference Vf reaches maximum, when it does not have 
distortion to which an optical Bignal originates in primary [ PMD ] (namely, association 
of the optical fiber 420 for transmission, and a compensator 425 - difference - time 
delay is almost equal to zero). 

(00181 When DGD in the fiber for transmission is restricted to the value below 
mn-g-iTnuTTi (taumax), the distortion within an optical signal can he measured only by 
measuring the amplitude of the received electrical signal of specific frequency 
F<l/(2taumax). The direction and level of DGD which were generated in the 
compensator 425 so that a feedback signal might serve as max are adjusted 
automatically, using the amplitude of this signal as a feedback signal. 
[0019] the total inserted into a transmission system - the above-mentioned 
requirements setup max to DGD, i.e., tau totaKtau, restricts amount tauf of DGD 
compensated within the fiber for optical transmission as tautotal<2tauf. for example, a 
lOGbpa digital transmission system - if it is, the amplitude of a received electrical 
signal must be measured by 5GBa, and tauf must always be lower than 50pe(es). 
Otherwise, it becomes indefinite at a difficult point to determine that it is necessary to 
adjust the feedback signal generated as a function of the amplitude of a 5GHz 
component so that amount [ of polarization conversion ] t direction, and difference 
minute delay tauc may obtain tautatal=0. To a different value whose amplitude of a 
feedback signal is two of tautotal(s), when the same, it will generate, and this will 
adjust this accidentally [ direction / of delay between difference minutes / of / in a 
compensator 426 / the level and the direction ]. 

[0020] The feedback signal (namely, signal which is the only measured value of tautotal) 
"which is not not clear* is generated by measuring the amplitude of two or more 
frequency components contained in the optical information signal which spreads the 
inside of an optical fiber, without restricting the level of compensation added to DGD. 
An example of a compensator which analyzes almost all the amplitude of the electric 
frequency spectrum which received using the broadband power detector is shown in 
drawing,! . The broadband power detector 495 is Hewlett Packard Co., model 8474 
marketed from the shrine It is a diode detector, and such amplitude is changed into the 
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single feedback voltage Vf, and this Vf is proportional to the integral value of the 
amplitude (power level) of high frequency electrical-and-electric equipment spectrum. 
[0021] the! compensator shown in drawing 1 " continuously adjustable difference - 
group delay (DGD) is generated and primary DGD is compensated. The point of 
differing between the delay lines between difference minutes shown in drawing 1 of a 
patent of this compensator and the above-shown is a point which shows the main 
polarization condition (PSP) that the compensation part formed with the let light 
birefringence fiber 435 and the 2nd light birefringence fiber 445 and the 2nd automatic 
polarization converter 440 of djawiagj. change a lot with an optical frequency. Such 
frequency dependent (this i* one side face of the effect of secondary [ so-called / PMD ]) 
makes the optical signal in a compensator distorted. It is because DGD which receives 
the reason within a fiber is removable only in a certain optical frequency range. DGD 
may increase in a part with spectrum further again. 

[0022] Next, to the conventional onthe-fltrength strange modulated light study signal, 
to the digital signal by which formatting was carried out by non return TUZERO (NRZ), 
the effects of secondary PMD are lOGb/a second, and they are about 10GHz, and when 
the "tone", of the narrowband of the spectrum energy in the frequency to which the 
signal bit rate of 20GHz is equivalent to the signal by which formatting was carried out 
by lOGb/return TUZERO of a second appears, they are observed in an electric field. In 
this way, distortion caused by the effect of secondary PMD can observe a distortion 
analyzer as drawing 2 of a patent of the above-shown which polarized according to the 
bandpass .property of the frequency of a bit rate, and the frequency selective device of 
the class shown in 8 are also. 

[0023] The effect of distortion which lengthens by secondary [ PMD ] and is exceeded 
can be processed by subtracting the output of the band pass filter aligned with the tone 
of a narrowband by the approach of weighting from the signal outputted by the 
distortion analyzer of drawing 2 of this specification. The signal Vf which Was acquired 
as a result and which polarized is given to a compensator, and the level of distortion 
which carries out the result of the effect of secondary [ PMD ], and is generated is 
reduced. If it explains still more concretely, it will depend for a compensator on the point 
(dither) of setting a core to the field of the exact adjustment of DGD and PSP in the 
spectrum field of the maximum distortion within an optical signal, by Vf which 
polarized. Thereby, the effect of secondary [ PMD ] can be reduced. It does not add to a 
distortion secondary [ PMD ] in which secondary [ which was generated in the 
compensator / PMD ] receives a distortion secondary [ PMD ] in which a signal receives 
PSP of a compensator within the fiber for transmission by the improvement by this 
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within the fiber for transmission, but is offset towards subtracting. 



[0024] Drawing 3 shows the distortion analyzer which polarized by this invention, and 



this distortion analyzer generates the control signal Vf changed into the amplifier 460 
which givus the amplified electrical signal to a distortion analyzer. The conventional 3 
direction splitter 810 divides the amplified signal into three signals, and gives each to 
the broad: land power detector 820, a low pass filter 825, and a band pass filter 840. The 
broadband power detector 820 gives a signal (voltage level proportional to the power of 
the whole frequency spectrum of a signal) as usual to the addition port 861 of the 
conventional adder circuit 850. On the other hand, a low pass filter 825 carries out 
filtering of the electrical signal, and makes a detector 830 pass a part of frequency 
spectrum and 2.5GH* or less of *******-. The signal from a detector 830 is given to the 
low pass filter 825 of an adder circuit 860. Furthermore, a band pass filter 840 carries 
out filtering of the signal received from the 3 direction splitter 810, and passes only the 
1GHz signal centering on 10GHz predetermined spectrum within the limits of a signal. 
The signal outputted from the band pass filter 840 is given to the subtraction port 853 of 
an adder <sircuit 850 through a detector 846. An adder circuit 860 subtracts the signal 
received t tirough the subtraction port 853 from the sum of a signal which received 
through t le addition port 851 and the addition port 862 as usual. In this way, a 
distortion analyzer outputs a feedback signal Vf and this Vf cooperates negatively the 
spectrum around the predetermined spectrum of a signal (for example, a 10GHz 
perimetei) Gn the direction of minus). In order to delete with the frequency tone which a 
compensator 425, for example, the compensator of drawing 1 , generates as a result of 
the effect of secondary [ PMD ] by such coordination, it applies by the DIZADO approach. 
[0026] Th3 feedback voltage VF shown in the patent (9) type shown above and the 
feedback voltage Vf which was generated by the distortion analyzer of drawing 3 of this 
specificat on and which polarized are reduced when the polarization dependency loss 
(polarization-dependent losstfDL) generated in the compensator 425 (for example, 
polarization converter) exists, this feedback voltage Vf is proportional to the square of 
all the opi deal power that was taken from a RF to low frequency namely, the radio 
frequency (RF) from light -- from two steps of root-squaring-methods rule (two stages of 
square-la v detection) detection, therefore received. By carrying out division of the 
feedback signal by the square of the average optical power which the high-speed 
photodetector 455 received, the bad influence of loss of the polarization dependency in a 
compensator 426 can be reduced, therefore PMD compensation of higher level can be 
performed. 

[0026] Aoiording to this invention, such exact control is performed by the circuitry 
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shown in lraWing4 , and the electrical signal to which the frequency splitter 1005 was 
outputted by the high- speed photodetector 455 as usual is divided into a KF (AC) 
componei t and a low frequency (DC) component in this circuitry. According to one 
example c f this invention, the frequency splitter 1005 is formed from one or two or more 
conventional transimpedance LC circuits. A high frequency component is supplied to 
the distortion analyser 1010 after optical magnification including the information 
relevant Jo the distortion within a high-speed digital signal (this is either drawing 2 or 
the distortion analyzer of 3). A low frequency (DC) component has the level proportional 
to the avelage value of the optical power which received, and this ie given to the 
conventional square circuit 1020. In one example of this invention, the square circuit 
1020 is ai , analog multiplier which has two inputs connected mutually. The signal of the 
outputtin i point of the square circuit 1020 is given after that to the denominator 
terminal D) of the conventional ratio circuit 1030. The feedback voltage VflJ from the 
distortion analyzer 1010 is given to the molecule terminal (N) of a ratio circuit 1030. 
This division result is given to the outputting point of a ratio circuit 1030 as a feedback 
signal Vf. This Vf is normalized by receiving optical power and removes the effect of the 
optical power fluctuation resulting from PDL- 

[0027] Thl reduction of the effect of polarization-dependent loss which i B generated 
within a compensator 425 and which is not desirable, and reduction of the dynamic 
range for which the control circuit of an automatic polarization transducer is needed are 
one of the advantages of this invention. 

[0028] Based on the above-mentioned explanation, this contractor can process the effect 
of still hi| :her order PMD by making it include further the part and polarization 
converter]of a fiber of a high birefringence for a compensator like a compensator 425 if 
needed. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

rDrawing l] The block diagram which expresses a system conventionally to which this 
invention is applied. 

IPrawing 2l The block diagram of another distortion analyzer used in order to take out 
a feedback signal to the PMD compensators of drawing 1 . 

rDr awing _3l The block diagram showing other examples of a distortion analyzer 
furthermore improved. 

fPrawing 41 The block diagram showing other examples of a distortion analyzer 



furthermore improved. 
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DDescrip t on of Notations] 

410 Optical Transmitter 

420 Optic al Fiber for Transmission 

425 Compensator 

430 1st Automatic Polarization Converter 

440 2nd Automatic Polarization Converter 

435 1st Light Birefringence Fiber 

445 2nd 1 ight Birefringence Fiber 

455 High speed Pbotodetector 

460 Amp] ifier 

465 Electrical Filter 

470 Elect restriction Analyzer 

47 1 Feed jack Signal 

485 Optic al Tap 

486 487 Pass 

490 Optical Receiver 
495 Broa Iband Power Detector 
800 Distortion Analyzer 
810 The 3 Direction Splitter 
820 Broa iband Power Detector 
825 Low Pass Filter 
830 845 Detector 
840 Banc Pass Filter 

850 Adder Circuit 

851 852 Edition port 
853 Subtraction Port 
1005 Fre inency Splitter 
10 10 Dis portion Analyzer 
1020 Squ are Circuit 
1030 Ratio Circuit 



DRAWINGS 



[Drawing l] 
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rDra-yring 2] 



[PrewinK 3] 
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prawing. 
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compensator (425) with which the effect of the polarization mode dispersion 
within the optical fiber (420) which has the main polarization condition is 



0 U I S J 9 U 1 JEd^BMEMB^JQ 



6z=»i vu/LO/Lm 



Best Available Copy 



compensated, 

(A) The polarization converter whicli orients again polarization of the specific 
component i; of an optical signal received through an optical fiber (420) (430), 

(B) Divide into a predetermined number of signals which have a polarization condition 
in the dir€ ction which intersects perpendicularly the output signal of said polarization 
converter with each condition of the two main polarization conditions, and they are 
adjustable time amount and equipment (440, 485, 487) to delay about this divided 
signal, 

(C) The distortion analyzer which has the optical converter (455) which changes into an 
electrical <dgnal a part of signal outputted by the aforementioned (B) equipment, and 
equipment which divides this changed signal into two or more eignals (810), and gives 
this separated signal to the 1st, 2nd, and 3rd analyzer part (820, 825, 840), respectively, 
It 

Said 1st analyzer part (820) passes the whole spectrum of an output signal, 
Said 2nd analyzer part (825) passes a part of spectrum below a predetermined frequency, 
Said 3rd a lalyzer part (840) passes only the predetermined range of the whole spectrum, 
The distortion analyzer (aforementioned [ C 1) adds the output of said 1st and 2nd 
analyzer part (851,852), subtracts the output of the 3rd analyzer part from said added 
value (853), a distortion indicator is generated, and this distortion indicator (47l) is 
given to said polarization converter (430) and division equipment (440) (aforementioned 
[Bl), 

Said polarization transducer and the aforementioned CB) equipment change the 
direction i nd said variable time of said polarization condition, respectively until the 
level of said distortion indicator reaches predetermined level according to change of the 
level of a distortion indicator. 

The compensator with which the polarization mode dispersion of the optical fiber 
characterized by things is compensated. 
IClaim 2] 

In the compensator with which the effect of the polarization mode dispersion generated 
within the optical fiber which has the main polarization condition is compensated, 

(A) The polarization converter which orients again polarization of the specific 
component of an optical signal received through an optical fiber, 

(B) Divide into two or more signals which have a polarization condition in the direction 
which intersects perpendicularly with each condition of the two main polarization 



conditions 
adjustable 



the signal given to the output of said polarization converter, and they are 
tim e amount and equipment to delay about this divided signal, 
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(C) ChangL into a predetermined signal a part of signal outputted by the equipment of 



<B), and it consists of a receiver which has the optical converter which 
generates A.C component signal and DC component signal from this changed signal, 
Said receiler gives AC component signal to a distortion analyzer, the level of primary 
PMD distortion is measured at least, and this distortion analyzer outputs the signal 
showing the level of this distortion in AC component, it gives DC component to a signal 
square circuit, and is said compensator farther, 

(D) A division means to give the signal of the quotient which carried out division and 
was obtiuLd as a result on the level of the signal which squared the level of the signal 
ahowinglaid distortion to a polarization converter and the aforementioned <B) 
equipment as a distortion indicator, 
since 

Said polarization transducer and the aforementioned (B) equipment change the 
direction of said polarization condition, and said variable time, respectively until the 
level of said distortion indicator reaches predetermined level according to change of the 
level of a c istortion indicator. 

The compensator with which the polarization mode dispersion of the optical fiber 
characteri red by things is compensated. 
[Claim 3] 

In the compensator (425) with which the eflfect of the polarization mode dispersion 
generated within the optical fiber (420) which has the main polarization condition is 
compensated, 

(A) The polarization converter which orients again polarization of the specific 
component of an optical signal received through an optical fiber (420) (430), 
<B) The adjustable birefringence component to which it divides into a predetermined 
number of signals which have a polarization condition in the direction which intersects 
perpendicularly the output signal of said polarization converter with each condition of 
the two main polarization conditions, and adjustable carries out time delay of this 
divided signal (440, 485, 487), 

(C) The distortion analyzer which has the high-speed photodetector (455) which changes 
into an electrical signal a part of signal outputted with the adjustable birefringence 
componeJ (aforementioned [ B ]), and equipment which divides this changed signal 
into two oi more signals (810), and gives this separated signal to the 1st, 2nd. and 3rd 
analyzer p art (820, 825, 840), respectively, 
It**** 

Said 1st analyzer part (820) passes the whole spectrum of an output signal, 
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Said 2nd analyzer part (825) passes a part of spectrum below a predetermined frequency, 
Said 3rd abalyzer part (840) passes only the predetermined range of the whole spectrum, 
The distoi tion analyzer (aforementioned [ C ]) adds the output of said 1st and 2nd 
analyzer j art (851,852), subtracts the output of the 3rd analyzer part from said added 
value (85; i), a distortion indicator is generated, and this distortion indicator (471) is 
given to seid polarization converter (430) and adjustable birefringence component (440) 
(afbremen ioned [ B ]), 

Said polarization transducer and the adjustable birefringence component 
(afbremen ioned [ B ]) change the direction and said variable time of said polarization 
condition, respectively until the level of said distortion indicator reaches predetermined 
level according to change of the level of a distortion indicator. 

The compensator with which the polarization mode dispersion of the optical fiber 
characterized by things is compensated. 
[Claim 4] 

Said 1st aiialyzer part has a broadband power detector, 

Said 2nd analyzer part has the low pass filter connected to the broadband power 
detector at the serial, 

Said 3rd analyzer part has the band pass filter connected to the broadband power 
detector a1 ; the serial. 

The compensator according to claim 3 characterized by things. 
[Claim 5] 

In order tc generate a KF (AC) component and a low frequency CDC) component, it is the 
frequency splitter which processes said part of the outputted signal, 
In order tixat said splitter may generate two or more signals, said AC component is 
given to seid splitter, 

Said splitter which supplies said DC component to a signal square means to square the 
value of said DC component, 
It is the division means which carries out division of said subtracted value to it being 
also at the value of the squared signal, 

Said division means to output the quotient of this division as said distortion indicator 
The compensator according to claim 3 characterized by having in a pan. 
[Claim 6J 

Said adjustable birefringence component is a compensator according to claim 3 which 
consists of the 2nd polarization converter constituted between two birefringence fibers. 
[Claim 7] 

In the compensator with which the effect of the polarization mode dispersion generated 
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optical fiber which has the main polarization condition is compensated, 



within the 

(A) The polarization converter which orients again polarization of the specific 
component of an optical signal received through an optical fiber, 
CB) Divide into two or more signals which have a polarization condition in the direction 
which intersects perpendicularly with each condition of the two main polarization 
conditions the signal given to the output of said polarization converter, and they are 
time amount adjustable to this divided signal, and the adjustable birefringence 
component to delay, 

(C) The high speed photodetector which changes into an electrical signal a part of signal 
outputted with the adjustable birefringence component (aforementioned [ B ]) (455), 
CD) It is t ie frequency splitter which changes into a predetermined signal a part of 
signal outputted by the equipment of the above (C), and generates AC component signal 
and DC component signal from this changed signal, 
Said frequency splitter is said frequency splitter which gives AC component signal to a 
distortion analyzer, and the level of primaxy PMD distortion is measured at least/and 
this distortion analyzer outputs the signal showing the level of this distortion in AC 
component , and gives DC component to a signal square circuit, 
(E) A division means to give the signal of the quotient which carried out division and 
was obtaii ed as a result on the level of the signal which squared the level of the signal 
showing S lid distortion to a polarization converter and the adjustable birefringence 
component (aforementioned [ C ]) as a distortion indicator, 
since 

Said polarization transducer and the adjustable birefringence component 
[CD change the direction of said polarization condition, and said 
variable tjime, respectively until the level of said distortion indicator reaches 
L level according to change of the level of a distortion indicator. 

with which the polarization mode dispersion of the optical fiber 
characterised by things is compensated. 
[Claim 8] 
The 
more 
part (820, 
Said 1st 
Said 2nd 
Said 3rd 
The distoijtion 



predeterm ned 
The compensator 



> distortion 



signals 



analyzer (aforementioned [ D ]) divides AC component signal into two or 
(810), and gives this separated signal to the 1st, 2nd, and 3rd analyzer 
325, 840), respectively, 
analyzer part (820) passes the whole spectrum of an output signal, 
analyzer part (825) passes a part of spectrum below a predetermined frequency, 
aialyzer part (840) passes only the predetermined range of the whole spectrum, 
analyzer (aforementioned [ D ]) adds the output of said 1st and 2nd 
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analyzer part (851,852), subtracts the output of the 3rd analyzer part from said added 
value (853), and gives this subtraction result as a molecule of the division means 
(aforementioned [ B ]). 

The compi snsator according to claim 7 characterized by things. 
[Claim9] 

Said distortion analyzer divides AC component into two or more signals, and it has the 
sphtter w! lich gives this divided signal to a part for a part for part I, and part II, 
The amou at of said part I has a blow band power detector, 

The amount of said part II has the low pass filter connected to the broadband power 
detector at the serial, 

Further, said distortion analyzer combines the output for a part for said part I, and part 
II, and has the adder circuit which gives this combined signal to a division means. 
The comp msator according to claim 7 characterized by things. 
[Claim 10] 

Said disto rtion indicator is feedback voltage. 

The comp. snsator according to claim 7 characterized by things. 
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(425) with which the effect of the polarization mode dispersion 
within the optical fiber (420) which has the main polarization condition ia 
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polarization converter which orients again polarization of the specific 
of an optical signal received through an optical fiber (420) (430), 
into a predetermined n umb er of signals which have a polarization condition 
which intersects perpendicularly the output signal of said polarization 
with each condition of the two main polarization conditions, and they are 
time amount and equipment (440, 485, 487) to delay about this divided 



di stortion i 



analyzer which has the optical converter (455) which changes into an 
signal a part of signal outputted by the aforementioned OB) equipment, and 
which divides this changed signal into two or more signals (810), and gives 
signal to the 1st, 2nd, and 3rd analyzer part (820, 825, 840), respectively, 



compensa ;ed 

(A) The 
component 

(B) Divide 
in the 
converter 
adjustable 
signal, 
(OThe 
electrical 
equipment 
this separated 
It 

Said 1st a:ialyzer part (820) passes the whole spectrum of an output signal, 
Said 2nd c nalyzer part (825) passes a part of spectrum below a predetermined frequency, 
Said 3rd analyzer part (840) passes only the predetermined range of the whole spectrum, 
The distoi-tion analyzer (aforementioned [ C ]) adds the output of said 1st and 2nd 
analyzer \ art (861,852), subtracts the output of the 3rd analyzer part from said added 
value (855 i), a distortion indicator is generated, and this distortion indicator (471) is 
given to smd polarization converter (430) and division equipment (440) (aforementioned 
[B]), 

Said polarization transducer and the aforementioned CB) equipment change the 
direction iind said variable time of said polarization condition, respectively until the 
level of sa d distortion indicator reaches predetermined level according to change of the 
level of a i istortion indicator. 

The compensator with which the polarization mode dispersion of the optical fiber 
characteri zed by things is compensated. 
[Claim 2] 

In the compensator with which the effect of the polarization mode dispersion generated 
within the optical fiber which has the main polarization condition is compensated, 

(A) The polarization converter which orients again polarization of the specific 
componen ; of an optical signal received through an optical fiber, 

(B) Divide into two or more signals which have a polarization condition in the direction 
which intersects perpendicularly with each condition of the two main polarization 
conditions the signal given to the output of said polarization converter, and they are 
adjustable time amount and equipment to delay about this divided signal, 
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(C) Changs into a predetermined signal a part of signal outputted by the equipment of 
the above (B), and it consists of a receiver which has the optical converter which 
generates AC component signal and DC component signal from this changed signal, 
Said receiver gives AC component signal to a distortion analyzer, the level of primary 
PMD distortion is measured at least, and this distortion analyzer outputs the signal 
showing the level of this distortion in AC component, it gives DC component to a signal 
square circuit, and is said compensator further, 

CD) A division means to give the signal of the quotient which carried out division and 
was obtained as a result on the level of the signal which squared the level of the signal 
showing laid distortion to a polarization converter and the aforementioned (B) 
equipment as a distortion indicator, 
since 

Said polarisation transducer and the aforementioned (B) equipment change the 
direction (if said polarization condition, and said variable time, respectively until the 
level of said distortion indicator reaches predetermined level according to change of the 
level of a 6 istortion indicator. 

The compensator with which the polarization mode dispersion of the optical fiber 
charactered by things is compensated. 
[Claim 3] 

In the coiapensator (425) with which the effect of the polarization mode dispersion 
generated within the optical fiber (420) which has the main polarization condition is 
compensated, 

(A) The polarization converter which orients again polarization of the specific 
componenl ; of an optical signal received through an optical fiber (420) (430), 

(B) The actjustable birefringence component to which it divides into a predetermined 
number of signals which have a polarization condition in the direction which intersects 
perpendicularly the output signal of said polarization converter with each condition of 
the two nain polarization conditions, and adjustable carries out time delay of this 
divided signal (440, 485, 487), 

(C) The distortion analyzer which has the high-speed photodetector (455) which changes 
into an electrical signal a part of signal outputted with the adjustable birefringence 
componenl (aforementioned [ B ]), and equipment which divides this changed signal 
into two or more signals (810), and gives this separated signal to the 1st, 2nd, and 3rd 
analyzer p art (820, 825, 840), respectively, 
It 



**** 



Said 1st analyzer part (820) passes the whole spectrum of an output signal, 
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Said 2nd ajnalyzer part (825) passes a part of spectrum below a predetermined frequency, 
Said 3rd ajaalyzer part (840) passes only the predetermined range of the whole spectrum, 
The distortion analyzer (aforementioned [ C ]) addB the output of said 1st and 2nd 
analyzer part (851,852), subtracts the output of the 3rd analyzer part from said added 
value (855), a distortion indicator is generated, and this distortion indicator (471) is 
given to scid polarization converter (430) and adjustable birefringence component (440) 
(aforemen ioned [ B ]), 

Said polirization transducer and the adjustable birefringence component 
(aforemeni ioned [ B ]) change the direction and said variable time of said polarization 
condition, respectively until the level of said distortion indicator reaches predetermined 
level according to change of the level of a distortion indicator. 

The compensator with which the polarization mode dispersion of the optical fiber 
characterized by things is compensated. 
[Claim 4] 

Said 1st analyzer part has a broadband power detector, 

Said 2nd analyzer part has the low pass filter connected to the broadband power 
detector at the serial, 

Said 3rd analyzer part has the band pass filter connected to the broadband power 
detector at the serial. 

The compensator according to claim 3 characterized by things. 
[Claim5] 

In order to generate a KF (AC) component and a low frequency (DC) component, it is the 
frequency splitter which processes said part of the outputted signal, 
In order t lat said splitter may generate two or more signals, said AC component is 
given to sa id splitter, 

Said splittar which supplies said DC component to a signal square means to square the 
value of sa id DC component, 

It iB a division means as it is also at the value of the signal which squared said 
subtracted value, 

Said division means which carries out division process to output the quotient of this 
division as said distortion indicator 

The compensator according to claim 3 characterized by having in a pan. 
[Claim 6] 

Said adjustable birefringence component is a compensator according to claim 3 which 
consists of the 2nd polarization converter constituted between two birefringence fibers. 
[Claim 7] 
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In the compensator with which the effect of the polarization mode dispersion generated 
within the optical fiber which has the main polarization condition iB compensated, 

(A) The polarization converter which orients again polarization of the specific 
component of an optical signed received through an optical fiber, 

(B) Divide into two or more signals which have a polarization condition in the direction 
which intersects perpendicularly with each condition of the two main polarization 
conditions the signal given to the output of said polarization converter, and they are 
time amount adjustable to this divided signal, and the adjustable birefringence 
component to delay, 

(C) The high-speed photodetector which changes into an electrical signal a part of signal 
outputted with the adjustable birefringence component (aforementioned [ B ]) (456), 

(D) It is the frequency splitter which changes into a predetermined signal a part of 
signal outputted by the equipment of the above (C), and generates AC component signal 
and DC component signal from this changed signal, 

Said frequency splitter is said frequency splitter which gives AC component signal to a 
distortion analyzer, and the level of primary PMD distortion is measured at least, and 
this distortion analyzer outputs the signal showing the level of this distortion in AC 
component, and gives DC component to a signal square circuit, 

(E) A division means to give the signal of the quotient which carried out division and 
was obtained as a result on the level of the signal which squared the level of the signal 
showing said distortion to a polarization converter and the adjustable birefringence 
component (aforementioned [ C ]) as a distortion indicator, 

since 

Said polarization transducer and the adjustable birefringence component 

(aforementioned [ C ]) change the direction of said polarization condition, and said 

variable time, respectively until the level of said distortion indicator reaches 

predetermined level according to change of the level of a distortion indicator. 

The compensator with which the polarization mode dispersion of the optical fiber 

characterized by things is compensated. 

[Claim 8] 

The distortion analyzer (aforementioned [ D ]) divides AC component signal into two or 
more signals (810), and gives this separated signal to the 1st, 2nd, and 3rd analyzer 
part (820, 826, 840), respectively, 

Said 1st analyzer part (820) passes the whole spectrum of an output signal, 

Said 2nd analyzer part (825) passes a part of spectrum below a predetermined frequency. 

Said 3rd analyzer part (840) passes only the predetermined range of the whole spectrum, 
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The distortion analyzer (aforementioned [ D ]) adds the output of said 1st and 2nd 
analyzer part (851,852), subtracts the output of the 3rd analyzer part from said added 
value (853), and gives this subtraction result as a molecule of the division means 
(aforementioned [ E ]). 

The compensator according to claim 7 characterized by things. 
[Claim 9] 

Said distortion analyzer divides AC component into two or more signals, and it has the 
aplitter which gives this divided signal to a part for a part for part I, and part II, 
The amount of said part I has a blow band power detector, 

The amount of said part II has the low pass niter connected to the broadband power 
detector at the serial, 

Further, said distortion analyzer combines the output for a part for said part I, and part 
n, and has the adder circuit which gives this combined signal to a division means. 
The compensator according to claim 7 characterized by things. 
[Claim 10] 

Said distortion indicator is feedback voltage. 

The compensator according to claim 7 characterized by things. 

[Claim 11] 

It is a distortion analyzer. 

The splitter which divides an input signal into at least three division signals, 

It is the part of at least three analyzers, and each analyzer part receives one of said the 

divided signals, 

The analyzer part which generates the output signal corresponding to a part of 
spectrum of said division signal at least, 

The adder circuit which processes said output signal from said at least three analyzer 
parts, and generates the distortion signal corresponding to said distortion in said input 



** - since ■■ the becoming distortion analyzer. 
[Claim 12] 
It is circuitry, 



it is circuixxy, 

A frequency splitter which processes an input signal and produces high frequency (AC) 
and a low frequency (DO component, 

A distortion analyzer which generates the output signal which receives said AC 
component and supports the distortion in said AC component, 

A square circuit which receives said DC component and generates the output signal 
corresponding to the square of said DC component, 
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Division of said output signal from said distortion analyzer is carried out with said 
output signal from said square circuit, 

Circuitry which consists of a division means to generate the distortion signal 
corresponding to said distortion in said input signal. 
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